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1 Introduction 
The mismatch field (MMF) is an event-related 
neuromagnetic field component elicited by 
infrequent, physically deviant sounds in a sequence 
of repetitive auditory stimuli. As its electro-
physiological counterpart mismatch negativity 
(MMN), it is thought to reflect a so-called 
preconscious or preattentive stage of auditory 
information processing in an ongoing acoustic 
stimulation [1]. It is an extensive debate whether this 
mismatch response can be considered as a change 
detection process specific to single features of the 
stored acoustic information or its Gestalt, i.e. its 
holistic representation. Although the discussion is 
still ongoing and both theories are not excluding one 
another, there is some evidence that the mismatch 
reaction represents a change detection process 
specific to single features of the deviant, e.g. MMFs 
obtained in response to two-feature deviants closely 
resembled the sum of MMFs in response to one-
feature deviants [2] and deviants of different 
features presented in a block elicit a MMN as large 
as when presented alone [3].  
The aim of our current study was to evaluate if 
neuronal populations involved in MMF generation 
to deviants of different features are distinguishable 
by means of magnetic source imaging (MSI). The 
MMF source has been localized by means of MSI to 
the supratemporal auditory gyrus, anterior to the 
source of the auditory evoked field component 
N100m [e.g. 2, 4-7], Furthermore, for left 
hemispheric recordings, beside this an inferior and 
more medial location of the MMF dipole has been 
described [8,9]. Some studies already tried to 
determine by means of electroencephalography 
(EEG) and magnetoencephalography (MEG) 
whether MMN or MMF of different deviants differ 
in their topography or in the location of their 
respective sources.  
Because of the heterogeneity of the obtained results, 
it is, however, debatable, which conclusions can be 
drawn from these earlier studies. In EEG studies, 
different deviants yielded topographic differences in 
one study [10], but not in another [11]. Another 

EEG study which applied a tone sequence as 
standard could not reveal topographic differences 
between a frequency and interstimulus interval (ISI) 
deviant [12]. The results of three MEG studies 
showed only a slightly better consistency. For right 
hemispheric recordings one study revealed no 
differences in dipole location of different features 
[6]. The right hemispheric MMF source of 
frequency deviants was found to be located anterior 
to the MMF source of ISI deviants in two studies 
[2,5] and of duration deviants in one study [5]. Only 
this latter study obtained MEG data from the left 
hemisphere. For the left hemisphere the MMF 
source of duration deviants was reported to be 
anterior to the MMF source of ISI deviants.  
Besides a low consistency of results between studies 
this low consistency between hemispheres is 
remarkable. Since for the right hemisphere 
additional generators in the frontal and parietal lobe 
are thought to be involved in the generation of the 
mismatch response [e.g. 13], right hemispheric 
results concerning the temporal lobe source could be 
influenced by these generators. Furthermore, all 
studies on this topic resolving positive results 
included seven subjects only [2,5,10], while studies 
with larger samples were not able to do so [11,12]. 
We decided to evaluate the left hemisphere only 
under the assumption that less cortical generators are 
involved in the mismatch reaction and, therefore, 
left hemispheric differences of MMF sources of 
different features would represent core differences 
between their temporal generators. Furthermore, we 
felt that a larger study sample should elucidate the 
matter better. 

2 Methods 
2.1 Patient studies 

Data of 19 subjects (13 m, 6 f) were analysed in this 
study. 12 of them were participants of a ketamine 
study [14] and 7 were participants of a twin study. 
All participants were selected for the good SNR of 
their neuromagnetic data. They had a mean age of 
31.3 years (range 19 to 61). Both studies, applying 
the same stimulus material, were approved by the 



Ethics Board of the University of Jena. Informed 
consent was obtained from every subject.  

2.2 Stimulation 
Subjects were stimulated monaurally, lying in the 
lateral position, one ear resting on an air-filled 
rubber ring which sealed off the funnel-shaped 
ending of a plastic tube used for delivering the 
computer-generated sinetones. Auditory stimuli were 
computer-generated tone pips. As the standard tone, 
a 1000 Hz tone with 50 ms length at 90 dB SPL was 
applied. Three types of mismatch were employed 
(frequency deviant: 1050 Hz tone with 50 ms length 
at 90 dB; duration deviant: 1000 Hz tone with 100 
ms length at 90 dB; intensity deviant: 1000 Hz tone 
with 50 ms length at 80 dB). Every type of mismatch 
occurred with a 10% pseudorandom probability 
within the same trial block consisting of 594 trials. 
Each trial had a length of 512 ms with a 100 ms 
prestimulus interval. An interstimulus interval (ISI) 
of 1000 ms and a sampling rate of 1000 Hz were 
used.  

2.3 Neuromagnetic recording 
The entire measurement consisted of a trial run of 
the N100m which was evaluated on-line to 
determine the optimal position of the dewars. After 
eventual adjustment, the mismatch trial block was 
recorded. Recordings were carried out in a 
magnetically shielded room (Vacuumschmelze, 
Hanau) using a 31 channels neuromagnetometer 
(Philips Medical Systems, Hamburg) positioned 
contralaterally to the stimulated ear over the left 
temporal lobe. The sensor array (diameter about 150 
mm) was centered over the T3 location of the 
international 10-20 electrode placement system. The 
subjects were instructed to ignore the tones and to 
inhibit eye movements. The localization of the head 
before and after each block was provided by means 
of 5 orthogonal coils of 5 mm diameter affixed to the 
head. Prior to each session, the positions of these 
coils were digitized in relation to three anatomical 
landmarks (left and right preauricular points and 
nasion) by means of an ISOTRAK II system 
(Polhemus Inc., Colchester, VT, USA). These 
reference points were employed in order to match the 
MEG data with high resolution magnetic resonance 
images performed on a 1.5 T GYROSCAN (Philips 
Medical Systems, Hamburg; recording parameters: 
3D-Flash-sequence producing 256 sagittal images of 
1 mm slice thickness with a 256 x 256 matrix 
covering the entire head). The electrooculogram 
(EOG) was recorded on the side of MEG 
measurement with a pair of sintered Nihon-Kohden 

silver-silver chloride electrodes, one positioned 
below the eye and the other laterally above the eye.  

Figure 1: The coordinate system based on 
commissura anterior and posterior 

2.4 Data analysis 
Data were digitally bandpass filtered (1-40 Hz, 
transition 3 Hz highpass and 10 Hz lowpass). All 
trials with a signal power of more than 2 pT due to 
movements or external disturbances were singled 
out automatically. The influence of eye artifacts was 
corrected by means of a regression based algorithm. 
The mismatch response was obtained by subtracting 
the response to standards from the response deviant 
tones. A singular value decomposition (SVD) was 
calculated for the N100m in the time range between 
85-135 ms and for the MMF from 100-250 ms. The 
first four singular values were used for dipole 
reconstruction. For both latency ranges a source 
localization was performed at the peak maximum, 
using a single moving equivalent dipole model 
embedded in a sphere model, using the software 
CURRY 3.0 TM (Philips Medical Systems, 
Hamburg). In contrast to earlier studies, the 
coordinate values were normalized to the individual 
head size, in order to obtain interindividually 
comparable coordinates. The magnetic data of each 
subject were projected into an individual head-based 
Cartesian system of coordinates. The origin of this 
coordinate system is the commissura anterior 
projected on a plane through the fissura 
longitudinalis. The x-axis is perpendicular to this 
plane (positive values indicate left-hemispheric 
localizations). The y-axis runs through the 
commissura posterior. The z-axis is tilted towards 
the top of the head (figure 1). The locations were 
used for the statistical analysis only if the dipoles 
explained at least 90 % of the field variance and 
were found at anatomical plausible locations. In this 
study, reported p-values were calculated using 
paired t-tests. 
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3 Results 
For all probands a N100m was clearly visible; the 
N100m dipole could be compared to the frequency 
MMF dipole in 18, to the duration MMF dipole in 
15 and to the loudness MMF dipole in 14 subjects. 
Overall, MMF dipoles were anterior, inferior and 
more medial than the N100m dipoles. These 
differences reached, however, only partly 
significance (table 1).  

Table 1: The average differences (±standard 
deviation) between N100m and MMF dipole 
location for each kind of deviant. All differences 
with a p-value < 0.1 are indexed (+ p < 0.10;  
* p < 0.05; ** p < 0.01). 

 ∆x ∆y ∆z 
frequency 
deviant 

-3.56+ 

(7.22) 
-2.81 
(7.59) 

-4.57** 
(6.49) 

duration 
deviant 

-3.41  
(8.63) 

-0.76  
(7.66) 

-3.11  
(7.48) 

loudness 
deviant 

-6.23* 
(9.59) 

-2.94  
(7.86) 

+0.58  
(8.34) 

Figure 2: The mismatch dipoles are plotted as 
difference values to the individual N100m position. 
This individual N100m is indicated by the blue 
circle set into origin. Green triangles indicate male, 
red triangles female subjects. The frequency MMF 
dipoles were slightly anterior and significantly 
inferior. 

Significant differences to the N100m location were 
found for frequency and loudness MMF dipoles. 
The frequency MMF dipoles were slightly anterior 
(t17 = -1.573, n.s.) and significantly more inferior  
(t17 = -2.988, p < 0.01) located than the N100m 
dipoles (figure 2). The difference in medio-lateral 
direction between N100m and frequency MMF 
dipoles nearly reached significance, with MMF 

dipoles being located more medial than N100m 
dipoles (t17 = -2.092, p < 0.1). For loudness MMF 
and the N100m dipoles this difference was found to 
be significant (t13 = -2.430, p < 0.05) (figure 3). All 
other differences between MMF and N100m dipoles 
failed to reach significance.  
Significant differences between MMF dipoles of 
different features were only found for frequency and 
loudness deviants in the inferior-superior direction  
(t12 = 2.644, p = 0.021) (figure 3). Dipoles of 
frequency deviants were located inferior to the 
according source of loudness deviants. All other 
differences between MMF dipoles failed to reach 
significance as already indicated by the low 
differences of each deviant to the N100m. 

Figure 3: The frequency mismatch dipoles are 
plotted as difference values to the individual 
loudness deviants. This individual loudness 
mismatch field dipole is indicated by the blue square 
set into origin. Frequency deviants dipoles are 
located more inferior than loudness deviants. 

4 Discussion 
The obtained direction of differences between 
N100m and MMF dipoles was in well accordance 
with earlier MEG studies [8,9]. MMF dipoles were 
found anterior, inferior and more medial than 
N100m dipoles. These differences were, however, 
relatively low and became only partly significant. 
Surprisingly, the so far most consistent finding of a 
frequency MMF dipole location significantly 
anterior to the N100m dipole could not be 
replicated. In our study, this difference was found to 
be in the range of about 3 mm. Actually, frequency 
MMF dipoles of some individuals were located 
posterior of the N100m dipole (figure 2). Taken for 
granted that a certain portion of subjects exhibit 
such a posterior dipole position, one could speculate 
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that in smaller samples such individuals might be 
excluded from data analysis or incidentally already 
not included in the sample. However, one has to 
state that the portion of subjects exhibiting a 
frequency MMF dipole further than 10 mm anterior 
is low as well (figure 2). On the basis of our current 
data we conclude that findings of an on average 15 
mm anterior MMF dipole location [2] represent 
probably an overestimation of the difference 
between N100m and MMF dipoles.  
Furthermore, the spatial separation of MMF dipoles 
of different features was only partly significant. 
Only one of nine difference values reached 
significance. Because of our results and because of 
the ambiguous results of other studies [2,5,6,10-12] 
we think the MMF might be regarded as unspecific 
generator getting a contribution of or being triggered 
by an additional feature specific source. In this 
context, a single dipole model could be insufficient 
due the extent of the source. Only invasive 
recordings of brain electric activity or MEG/EEG 
studies with large samples sizes (>50) might be able 
to reveal the origin of such a feature specific 
mismatch response, because the feature specific 
signal contribution might be low, and, furthermore, 
unspecific and feature specific processes might 
occur in a close vicinity to each other.  
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